In order to provide a better benchmark for climate simulation programs, climate data at Global Historical Climatology Network (GHCN) and Global Summary of the Day (GSOD) archived by the National Climate Data Center (NCDC) are used to ascertain the nature of climate change over the last century. After data validation, about 6000 stations are considered globally to determine the change in mean temperature, and about 5000 stations to determine that change in maximum and minimum temperatures. Global nature of temperature and its change are presented separately for January and July. Both maximum and minimum daily temperatures are used in the analysis. Trend of global change in annual precipitation is also reported here. Least square linear regression is used to ascertain the nature of these changes. Global nature of temperatures in both January and July show bimodal distributions, with the geographical region between the tropics in one mode and the region outside the tropic in another mode. The individual distributions of temperatures of both these regions show separate and similar histograms. Results indicate that over the last century, temperature in January increased more than that during July. Furthermore the minimum temperature in each case increased more than the maximum temperature. Ten separate estimates of temperature change are obtained from the data presented here using different methods. Considering all these estimates, the mean rise in temperature during January was 2.19˚C, and during July was 1.72˚C. The geographical nature of the rise in temperature shows that though it rises in most locations, the temperature also reduces along eastern Asia, some parts of central Russia, along south-eastern Australia, and along the east coast of the United States. Predominant rise in temperature is mostly over Europe, and in the arctic. Change in precipitation shows that though there is significant reduction rainfall globally, rainfall increases along the equator, in areas around the Gulf of Mexico, along eastern Asia, along the western coast of India, and along the eastern coast of Australia.
M. Anwer
Introduction
Climate change and its impacts on society and humans have been extensively studied. Good et al. [1] and Gosling et al. [2] have provided an extensive review of large-scale change in the climate system, and its impact on different aspects of human lives. Among many other impacts, climate change is suspected for increased loss of ice sheet in Antarctica and Greenland [3] [4] ; large drop in sea ice [5] - [7] ; rise in sea level as a result of ice melting [8] [9] ; acidification of oceans as a result of increased carbon dioxide in the atmosphere [8] [10] [11] ; and reduced agriculture productivity and quality [12] - [14] . Bell et al. [15] have extensively discussed the health complications arising as a result of climate change in 50 US cities. Nevertheless, Mills [16] argues that there is a high degree of uncertainty associated with the effects of climate extremes on human health, as there is a high degree of uncertainty in the prediction of the change in climate variables.
These impacts of climate change are predicted considering a rise in temperature as a result of change in climate. Unfortunately, the estimate of the rise in the temperature is very wide. The prediction of the rise in temperature over the 21 st century by IPCC varies from 0.3˚C to 6.4˚C [8] . These variations arise from the fact that most of these predictions are built upon numerical simulation of the climate processes.
Significant progress has been made in climate modeling over the last several decades [17] [18] . Climate models are built on well-known physical principles involving interdependent systems like atmosphere, oceans, land, vegetations, clouds and human activities. These interdependent systems influence each other in a feedback process, which is highly nonlinear, and whose mechanism is not well understood [19] [20] . Bony et al. [21] elaborate upon our lack of understanding of the feedback system, and how this limitation of understanding results in different outcomes from different climate models. Caldiera et al. [22] have illustrated that these feedback processes work at different length and time scales, and vary with the time of the year. As a result, it has been difficult to construct a climate model that works at all length and time scales, and feedback forcing. Many largescale aspects of present-day climate are simulated quite well by different models. On the other hand, many small-scale processes that cannot be simulated explicitly in current climate models are important for the feedback effects that regulate the response of climate to changes in external forcing [23] . When running under similar scenarios of anthropogenic forcing, different climate models agree on many aspects of climate change but disagree on others. An investigation on the agreement and disagreement between different climate models has been a major focus in the IPCC assessments [24] - [26] . Recently, the US Department of Energy has started a Climate Model Intercomparison Project (CMIP) for the next evaluation report of IPCC [27] . Examples of multimodel analysis of surface temperature and precipitation are [28] - [35] . In addition, Hansen et al. [36] have also provided a multi-model comparison of surface air temperature with observational data from 1880 till 2003. These studies reveal that models perform only to the extent they are designed for. Furthermore, several investigations have demonstrated that comparison of predictions from different models is very poor [37] - [40] . The comparison between model predictions and observational data is even worse [18] [36] . Part of the reason for this poor comparison is a shortage of studies involving analysis of climate data.
In separate studies Hansen et al. [36] [41] [42] have reported on the analysis of actual climate data records, mainly for the United States. Their analysis of global data is more restrictive; using simulated data in many cases. They clearly emphasize on the discrepancies between simulation and observational data, and on the importance of a comprehensive analysis of global climate data to form a basis for validation of simulations programs. Therefore, this study has been undertaken with an objective to analyze observational records of climate data to provide a global nature of temperature and precipitation, and its change over the last century. It is expected that results presented here would provide a better understanding of the climate process, and hence would help to construct more robust climate models.
Objectives of the Study
This study will try to present the global trend of change in climate over the last century. This will be done by using the observational records at Global Historic Climatologic Network (GHCN) as well as Global Summary of the Day (GSOD). These data will be analyzed to obtain the trends of mean, minimum and maximum temperatures for January and July. The trend in the change in total annual precipitation will also be reported.
The paper is organized in the following manner. At first, the criterion of the selection of the data will be discussed. The inclusion and exclusion criterion will be explained. In presentation of the results, the state of the temperature and precipitation in the year 2010 will be discussed first, and then the change of the temperature and precipitation over the last century will be presented.
Material and Methodologies
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Observational data records GHCN and GSOD at the National Climate Data Center of NOAA have been used in this study. Both datasets are available at https://www.ncdc.noaa.gov/. Records for temperature have been used from both the datasets, and the records for precipitation has been used from GHCN dataset only. Statistical tools have been applied to these time-series data sets to ascertain the centennial trend of climate change. Zweirs & von Storch [43] have elaborated on the application and appropriateness of statistics as an investigative tool for climate change research. But, before these tools could be applied, the datasets had to be selected correctly for appropriateness of the statistical procedure.
The archives of the data sets used in this study are of different lengths for each element in set. Within the GHCN dataset, records of daily maximum and minimum temperatures start from the year 1840; record of daily mean temperature starts from 1701; while the record of precipitation starts from 1697. On the other hand, all records in the GSOD data start from 1929. In addition, the number of data-available stations also varies with year. The variation of the number of data-available stations for both GHCN and GSOD datasets from the years 1900 to 2010 are shown in Figure 1 . This figure shows the availability of temperature data. The figure shows that the data availability for GHCN dataset increases uniformly from 1900, and drops drastically from 1990. On the other hand, the availability of GSOD dataset increases uniformly from 1929, but drops again, uniformly and drastically, from 1960 till 1970. Beyond 1970, the availability of the data increases continuously, with a small drop once again around the year 2000. Therefore, in addition to variation in the available length of the data record, many stations have data missing data for few years before the record resumes again. With such a variation in the data-availability, it was necessary, at first, to decide upon a data selection criteria.
An appropriate length for time-series analysis for climate change has been a point of discussion for a very long time. Part of the problem is that, historically, record keeping of climate variable did not start, in an organized manner, sufficiently long ago for an effective assessment of climate change. Nevertheless, some researchers have used the available data to report on climate change. Reiter, Weidinger & Mauser [44] have used data records from 1960 to 2006 to comment on the change of climate in a particular part of Germany; Raha et al. [45] have used data from 1924 to 2008 to report on the impact of climate change on Indian Sunderban forest; twenty nine years of data was used by Martínez et al. [46] to ascertain the trend in daily maximum and minimum temperatures in Catalonia, Spain. In these recent, and other studies different lengths of data records have been used in research on climate change [47] - [49] The principal objective of this study is to ascertain the trend of global climate change over the last century. Therefore, it is necessary to choose stations from all over the world, and with sufficient length of data that would make the results credible. In order to do this, two major considerations was kept in mind. First, the length of the time series from a start year till the end year; and second, the number of years of missing data between the start year and the end year. Therefore to choose a credible data plan, three models were considered, and tested. These are 1) at least thirty years of record from start year till end year, with a maximum of ten years of missing data in between (effectively, 20 years of data); 2) at least forty years of record with a maximum of ten years of missing data in between; and 3) at least fifty years of record with a maximum of ten years of missing data in between.
After investigation, it was observed that the results of model 1) differs considerably with that of model 2); on the other hand results of models 2) and 3) were substantially similar to each other. Therefore the results presented in this research have been obtained with the second model.
Further considerations were needed in selection of a particular year as part of the time series of a station. The GSOD dataset provides record of daily data. In many cases some records of daily data is missing. Therefore, for a month under consideration, if ten days of data was missing, the month was kept out of analysis.
It was also noticed that because of historical reasons, some stations recording the data had moved geographically to a newer location. In this case, the data record from the old station was discontinued; a new WMO (World Meteorological Organization) identification was issued to the new station, and a new record was started. Furthermore, in many locations there are data records from two very nearby stations (e.g. weather bureau, and a local airport). Keeping these considerations in mind, temperature records from stations within 5 kilometers of each other were clustered together as one station; hence into one time series. With these selection criteria, the global number of stations considered for the mean temperature was 6428; for maximum and minimum temperatures were 5336. The numbers are same for both July and January.
A little different selection criterion was used for the precipitation data. The objective in this study is to look into the centennial variation of the total annual precipitation. It was observed GHCN record has enough data records in terms of number of years and number of stations for making a sensible assessment of the centennial change of precipitation. Therefore the precipitation record from GSOD was not considered in this study. For precipitation, the GHCN records provide total monthly precipitation data. In this case also, for some stations, precipitation records are missing for some months. In this case, that entire year was kept out from further analysis of the particular station. This means that if total precipitation for all twelve months were available, only then, these were added to obtain the total annual precipitation. The length of the time series was considered in the same manner that has been explained for temperature-a minimum of forty years of record from start year to end year with a maximum of ten years of record missing in between. Finally, the precipitation data were not clustered geographically according to their locations, as was done for the temperature data; as historically it is observed that rainfall at two nearby stations can vary substantially. With these selection criterions, a total of 10,733 stations were considered for global analysis of centennial change in precipitation.
Therefore, in final consideration, for each station, the time series for temperatures and precipitation are of different lengths; sometimes with data missing for some years in between. Figure 2 shows the characteristics of the time series for mean and maximum temperatures, and precipitation, those were considered in this study. The characteristics for maximum and minimum temperatures are not shown separately; similarly the characteristics for January and July are not shown separately, as they were observed to be similar in nature. The figure shows that though a minimum of 40 years of data was considered in the time series, the length of most time series are substantially higher with a large number of stations having a length more than 60 years. Moreover, the length of data availability is also very close to the length of the time series. This means that missing data in the time series is not going to have any significant effect on the overall results of the analyses.
A least-square linear regression model was used with the time series of temperatures and precipitation data to ascertain the change over the last century. The linear fit was used to obtain the extrapolated temperatures for the years 1900 and 2000. Linear regression is a standard technique that has been used by researchers to model climate data. In a review paper on the role of statistics in climate research, Zwiers & Storch [43] refers other investigations [50] - [54] to claim that climate change problem can be statistically modeled as a linear regression problem. In this regards, Seidel & Lanzante [55] tested three different linear models on some selected temperature data. These were standard linear model, piecewise linear model, and sloped stepped model. Though the models performed differently within the range of data, but had no impact on the end points of the time series. Other researchers have also used a linear model to investigate the change in climate [42] [56] .
The statistical distribution and the geographical nature of global temperatures during July and January will be discussed. Similarly, the statistical distribution and geographical nature of the change in temperature from 1900 till 2000 will also be reported. Finally, statistical distribution and the geographical nature of the annual precipitation and its change would also be discussed.
Results and Discussion
Before the results of the change of climate are presented, the present states of some temperature and total annual precipitation are presented. Figure 3 shows the global distribution of the daily maximum temperatures in July and January in 2010. The maximum and minimum temperatures did not present any significance difference in the global distribution for either January or July. Hence they have not been shown separately, and only the maximum temperatures are displayed in Figure 3 . Applying all the selection criterion stated in the last section, a total of 8036 stations are displayed in Figure 3 .
Temperature in 2010
Global distribution of temperatures in Figure 3 shows an overall nature that has been well discussed earlier in other studies. In Figure 3(a) , during January, the continuous region of northern to eastern Russia and continuing to central China, and northern Canada are the coldest region on earth. On the other hand, almost the entire belt in the southern hemisphere is the warmest region. On the other hand, during July, as appearing in Figure 3(b) , eastern parts of China, north Africa, middle east, parts of eastern US are some of the warmest regions, and southern parts of South America and south Australia are some of the coldest regions on earth. The general nature of the global distribution observed here is consistent with observations reported earlier. Figure 5 that the different modes in the temperature histograms are being generated by records from different ranges of latitudes. The lower modes in the histograms are generated from temperatures in a geographical region above a particular north latitude, and below a south latitude; referred in this paper as the non-tropical region. Similarly, the second modes of the histograms are generated from temperatures within a north and south latitude; referred to in this paper as the tropical region. Approximations of these latitudes were identified from Figure 5 , and histograms for the temperatures of each of these regions were generated separately. These histograms are shown in Figure 6 . They reveal that for all the four histograms, the tropical and non-tropical regions result in histograms those are very similar in nature. Both geographical regions have temperature distributions those are strongly negatively skewed. The negative skewness of daily temperature observed here is consistent with the observations reported earlier [57] [58] . Figure 6 also reveal that the tropical regions for the histograms are different in January than in July. During January, shown in Figure 6 (a) & Figure 6(b) , the tropical region is bounded within 30˚N and 45˚S latitudes. On the other hand, during July, the tropical region almost reverses and is bounded within 45˚N and 25˚S latitudes. It is believed that this behavior of temperatures is arising from atmospheric movement associated with Hadley circulation [58] . Because of its importance in determining the nature of global climate, Hadley circulation is being extensively studied [59] - [61] . It is suspected that Hadley circulation influences climate change and vice versa [62] [63] .
To see the similarity between the histograms of the two geographical regions, the respective histograms of each region are plotted in Figure 7 as standard temperature, (T -T m )/σ T , where T is the temperature, T m is the mean temperature, and σ T is the standard deviation of the temperature. Remarkably, for most of these histograms, the histograms of the tropical regions and the non-topical regions are very similar to each other. The similarity and the differences between these histograms can be better understood from the skewness and kurtosis, given in Table 1 . We can put these results in a better perspective keeping in mind that the skewness and kurtosis of a normal distribution are 0.0 and 3.0 respectively. Table 1 indicates that in Figure 7 , for January, the tropical and non-tropical regions have skewness those are negative, and are similar to each other-more negative in the non-tropical region, and less negative in the tropical region. The kurtosis of all the histograms for January are close to 3.0; i.e. the kurtosis for normal distribution. The situation for July is quite different and slightly more complicated. For the maximum temperature in July, the skewness is very low for both tropical and non-tropical regions. This means that the histograms are close to being symmetric. On the contrary, for the minimum temperature in July, the skewness is high for the tropical regions, but in the non-tropical region, the skewness is of the same order of magnitude as the skewness for maximum temperature. The kurtosis of the histograms for both maximum and the minimum temperatures in the tropical regions is similar to that of a normal distribution. But the kurtosis of the histograms for the non-tropical regions for both the maximum and minimum temperatures are substantially lower; indicating that the distributions have prominent peaks along the middle. These similarities and differences between the temperatures in the tropical and non-tropical regions point out to the similarities and differences between the physical processes in these regions. This can substantially influence the understanding used for modeling global climate. Outside the tropics −0.169 1.190 Besides understanding the trend of a physical quantity, histograms are also used to obtain point estimators like mean, standard deviation, etc. Therefore, we can obtain an estimate of the mean temperature in 2010 both from the histograms in Figure 5 as well as from the histograms in Figure 7 . Remarkably, if the histograms in Figure  5 are used with the entire earth as a single system, the mean temperatures in January and July are obtained as 3.46˚C and 20.02˚C respectively. But if the histograms of different regions, as shown in Figure 7 , are considered with their respective geographical areas, the mean temperature in January and July are obtained as 10.48˚C and 21.48˚C respectively. It is clear that the two estimates are substantially different.
Precipitation
The histogram of global annual precipitation and its geographical distribution in 2010 are shown in Figure 8(a)  & Figure 8(b) respectively. Almost 11,000 stations, globally, have been considered in these figures. Figure 8(a) shows that the global histogram of total annual precipitation is strongly positively skewed. Earlier, Kharin et al. [63] has also reported that the global precipitation follows a strong positive skewness. Though there are stations those have annual precipitation in the range of 400 centimeters, but more than 85% of stations have precipitation within 150 centimeters. Therefore, very few locations in earth have extreme precipitation conditions. Figure 8(b) shows these regions of extreme precipitation. This figure shows that regions of northwestern Canada, Central America continuing to northern boundaries of South America, along Sierra Leone and Cameroon coast in Africa, along Western Ghats and northeastern parts of India and the regions extending from Southeast Asia to southcentral Pacific have high level of precipitation.
Centennial Change in Temperature
After presenting the present state of temperature and total annual precipitation in the last section, their changes over the last century are presented in this section. The histograms of the maximum and minimum temperatures Figure 10 do not point to any substantial change in the regions associated with these circulations.
The result that is clearly demonstrated in Figure 9 is that in all the four histograms, the distributions for the year 2000 has shifted to the right compared to the distributions for the year 1900. This is a clear indication that the mean temperature in the year 2000 has increased compared to that in 1900. The shifts in the histograms are such that there are no substantial changes along the two ends of the histograms. The dominant shift is along the middle of the histograms. This means that from 1900 to 2000, there is no dominant change in the extremes of global temperatures. The dominant changes in the distributions of the temperature take place as a positive shift around the peak of the distributions. Figure 10 further shows that these behaviors remain similar even if the histograms are considered separately for regions within the tropics, and regions outside the tropics.
The histograms of the global centennial change of maximum and minimum temperatures in January and July are shown in Figure 11 . The statistical measures of these histograms are given in Table 2 . The standard deviation shows that the variation and range of the global centennial temperature change is substantially higher in January than in July. This is a reflection of the trend in the change histogram that the temperature change ranges from −10˚C to 15˚C in January; whereas it ranges from −5˚C to 10˚C in July. This indicates that the temperature change for January is more widely distributed than July.
To discuss the skewness and kurtosis, once again, for reference, the skewness and kurtosis of a normal distribution are 0.0 and 3.0 respectively. Table 2 reveals that both skewness and kurtosis of the change in maximum and minimum centennial temperatures in January are around 0.5 and 3.65 respectively. This indicates that the distribution of the global centennial temperature change for the maximum and minimum temperatures are almost similarly skewed and similarly distributed across the range. Despite the positive skewness, Table 2 also indicates that the kurtoses of the maximum and minimum centennial temperature changes in January are not too different than that of a normal distribution.
The skewness and kurtoses of global centennial change of maximum and minimum temperatures for July shown in Table 2 show a different trend than those for January. The skewness for both the maximum and minimum centennial temperature changes are positive, but are quite different than each other. The skewness for maximum global centennial temperature change is quite lower than that for the minimum temperature. This means that there is a tendency for the centennial change of minimum temperature in July to be more positive compared to other centennial temperature changes. On the other hand the kurtoses of the maximum and minimum global centennial change of temperatures are very similar to each other, but substantially higher than the kurtosis for a normal distribution. This indicates that the distributions of temperature change are more spread than a normal distribution. Figure 11 also indicates the centennial global temperature change was positive in most locations over the last century. Nevertheless, there are certain locations, globally, where the temperature change was negative. The figure indicates that for maximum and minimum temperatures in January, and for maximum temperature in July, globally, the temperature has reduced in approximately 22% of the stations; whereas, the temperature has reduced for approximately 19% of the stations for minimum temperature in July. This indicates that, the minimum temperature in July rose more compared to the temperatures in January and maximum temperature in July.
The geographical distributions of the centennial global change of temperatures are shown in Figure 12 . Once again, there was minimal difference in the geographical natures of the minimum, maximum and the mean temperatures in both January and July. Therefore, only the geographical distributions of the mean temperatures are shown in Figure 12 . The change of temperature for January, shown in Figure 12(a) , shows that the temperature rose most in a region starting from central Europe to western Russia and parts of eastern Russia and northern China. Northern parts of Canada also show increased temperature rise. The United States shows an interesting trend in temperature change. The west coast indicates quite substantial temperature rise, whereas the east coast shows the temperature in January has reduced over the last century. Other parts of the earth where the temperature change has negative trend are central Russia, southeast Australia, central Africa and parts of central China.
The geographical nature of temperature change in July appearing in Figure 12(b) shows that the maximum temperature change occurred in a large belt starting from Pakistan continuing through the Middle East all the way to the northern and southern coast of the Mediterranean Sea. Other regions of high temperature change are central China and the region bordering western Russia and Scandinavia. Figure 12(b) also shows that the centennial temperature in July has reduced in regions around eastern China, central Russia, parts of southeast Australia, east coast of the US. The general nature of these observed global centennial temperature change are in general agreement with the simulation reported by Hansen et al. [65] . It should be mentioned that earlier simulations results, though, are available as annual change of mean temperature. The present work reports the changes of maximum and minimum temperatures for January and July separately. Therefore, complete agreement with previous simulation results is not expected.
One of the primary objectives of climate research in the past was to obtain an estimate of the change in temperature. Several simulation experiments in the past have provided widely varying estimate for the temperature rise for the last century. Estimates provided by IPCC range from 0.3˚C to 6.4˚C [8] . In this study, estimate of centennial temperature change would be obtained using the temperature histograms in Figure 9 & Figure 10 , as well as using the temperature change histogram in Figure 11 . Before, these results are presented, it is necessary to discuss several issues related to use of these figures to find the temperature change. After all the data and procedural validation, the global distribution of stations those are included in this study, are not uniformly distributed around the globe. Figure 3 and Figure 12 shows that there are relatively fewer stations in South America, Africa, central Australia, Middle East, central Asia and western China. In addition, there are also relatively fewer stations in northern Canada, and northern Russia. In light of this, if we take a simple statistical mean of the data from the histograms in Figures 9-11 , the results are likely to be biased. On the other hand, Figure 6 demonstrates that the temperatures at all stations, globally, can be considered into two different regions resulting in two different self-similar histograms. Therefore, it can be argued that even if data from more stations are included, because of the self-similar nature of the histograms, there may not be much difference in the mean calculated from the histograms. Furthermore, it was observed that the self-similar histograms of the two different regions are strongly skewed negatively. As a result, the mean calculated as a central tendency from the histogram is likely to be biased by the skewed values. In these situations, the median gives a better measure of the central tendency.
Consequently, in this study, separate estimates of global centennial temperature change would be reported here using different data sets: , (e) and (f) are repeated using the records of change in temperature shown in Figure 11 .
The above ten estimates of changes in centennial maximum, minimum and mean temperatures for January and July are reported in Table 3 . In this table "Statistical" refers to the estimates (a), (c), (e), (g) and (i); and "In/Out" refers to the estimates (b), (d), (f), (h) and (j). "Mean" and "Median" refers to the methodology used to estimate the central tendency. To obtain a better understanding of these estimates, they are also shown graphically in Figure 13 . Table 3 and Figure 13 give some very interesting insight into the nature of the temperature changes. The possibilities of some ambiguities regarding the estimation of the temperature change have been discussed earlier. But the results here indicate that all the ten estimates of each temperature change are very close to each other. It was suspected that uneven geographical distribution of measuring stations might have an impact on the estimation of the temperature change; Table 3 and Figure 13 shows that it does not. It was also suspected that the effect of Hadley circulation might have an impact on the estimation of the temperature change; the results indicate that there is no substantial impact. It was further construed that estimating the temperature Figure 13 . Different estimates of global centennial temperature change for January and July. change using the temperature histograms for the year 1900 and 2000, and using the temperature change histogram might give us different estimates. There was no substantial change. Table 3 and Figure 13 give an assessment about the level of centennial change of temperature. The different estimates for the change of maximum temperature in January range from 1.51˚C to 2.2˚C; whereas the change for the minimum temperature in January range from 2.13˚C to 2.85˚C. The mean of these estimates are 1.83˚C and 2.55˚C respectively. The ranges of the different estimates of these two temperatures are almost similar to each other.
The different estimates for the change in temperatures in July are almost similar to each other. The mean of these different estimates of changes in temperature are 1.58˚C and 1.86˚C for maximum and minimum temperatures respectively. These results also point out clearly that the temperature has clearly increased over the last century. Temperature in winter has risen more than that of summer. Moreover, the minimum temperature in winter has increased more than that of the maximum temperature in winter. Temperature rise in July also show the same trend that the minimum temperature has increased more than that of the maximum temperature. These estimates substantially narrow the range of temperature rise that has been predicted by IPCC [8] .
Centennial Change in Total Annual Precipitation
The state of total annual precipitation in the year 2010 was presented in Figure 8 . A comparison of the total annual precipitation for the years 1900 and 2000 is presented in Figure 14 . The figure shows a comparison of histograms of total annual precipitation at all stations globally. Figure 14 shows that all the changes in the histogram has taken place in the lower end of the histogram-in stations with a total annual precipitation within 150 cm. In this range, the histogram has skewed slightly positively. This means that number of stations with low precipitation has decreased, and comparatively, the number of stations with higher amount of precipitation has increased. Figure 14 also clearly indicates that there has not been any substantial change in the number of stations with extreme precipitation. These histograms were used to determine that the average precipitation in the year 1900 was 93 centimeters, and in the year 2000 was 95 centimeters. This indicates that precipitation has increased in the year 2000 compared to the year 1900. But because the histogram of total precipitation is strongly skewed, Kharin et al. [63] has argued that mean is not a very good measure of the central tendency, because it would be biased by the heavily skewed values of precipitation. Therefore, they have suggested the use of the median as a measure of the central tendency. Using Figure 14 , the median precipitation was found to be 77 and 81 centimeters for the years 1900 and 2000 respectively. Therefore, the median indicates a greater increase in the precipitation than the mean.
The histogram for centennial change of total annual precipitation, and its geographical distribution are shown Figure 15 . Figure 15(a) shows that histogram of the centennial change in total annual precipitation, and Figure  15(b) shows the geographical distribution of these changes. Figure 15(a) shows that the histogram for the centennial change in the total annual precipitation is almost symmetric with the precipitation reducing in half of the stations globally, and increasing in the other half. The change in the total annual precipitation varies from negative 100 centimeters to positive 100 centimeters. This means that the amount of reduction and increase in the total annual precipitation are almost equal, globally. Moreover, the histogram is very steep around zero, indicating that there is a considerable number of stations, globally, where there was minimal change in the total annual precipitation.
The geographical distribution of the change in total annual precipitation is shown in Figure 15(b) . To understand the geographical nature of change of the total annual precipitation, Figure 15 (b) would be compared with Figure 8 (b) which showed the total annual precipitation in the year 2010. Figure 15(b) shows that the equatorial belt starting from Central America, the Caribbean, continuing to Africa from west to east, all the way to Southeast Asia are regions of extreme reduction in the total annual precipitation. Interestingly, Figure 8 (b) indicates that these are part of the regions of highest precipitation, globally. Other regions of high reduction in precipitation are East Asia, and the region around the Mediterranean Sea. Figure 15 (b) also shows that the total annual precipitation has increased at many regions around the world over the last century. These regions include region around the Amazon forest in South America, region around the Gulf of Mexico, almost the entire western part of India, northeast part of India. Of these regions, Figure 8(b) shows that the west coast and northeast part of India are also regions where the total annual precipitation is high.
There are very few studies reporting on the long term change of precipitation. Most of the results appearing in the literature are short term result based on simulations. It is understood that the simulation of precipitation is more difficult than simulation of temperature. Nevertheless, the outlook for change in precipitation presented in IPCC [8] partly agrees with the observations presented in this study. Hansen et al. [65] has attempted to present simulation results from 1880 to 2003 using GISS model. Though their results concentrate mostly on change in temperature, a brief discussion on change in precipitation qualitatively agrees with the results presented here. Similarly different aspects of results presented earlier [66] - [68] agree with the observational results presented in this study.
Summary and Conclusion
An estimate of the extent of change in temperature and precipitation over the 20 th century was obtained from observation records. This was done by considering data from almost 6000 stations for temperature, and almost 10,000 stations for precipitation recorded all over the globe. Results have been obtained separately for January and July. Frequency histogram of global temperature indicates a bimodal distribution. These modes have been identified with Hadley circulation. The global temperature distribution in each of these geographical regions was observed to be negatively skewed. It has been observed that the geographical regions associated with these circulations vary between January and July. Levine & Schneider [62] and others [63] [69] have attempted to show the dependency between Hadley circulation and climate change. Results presented here will greatly enhance the understanding of the behavior of Hadley circulation, and how it effects, and is affected by climate change.
The temperature distributions around the globe for years 1900 and 2000 were used to ascertain the change in the temperature over the century. In this respect several issues were raised which would have impact on the assessment of the change in temperature. As a result, ten different estimates were obtained for the centennial change in temperature. They were found to be within a range, though different from each other. Therefore, it is suggested that there should be a broader discussion on the methodology to estimate the change in global temperature from observational records. Nevertheless, in this study separate estimates were obtained for the change of maximum, minimum and mean temperatures. Separate estimates were obtained for January and July. The mean rise maximum and minimum temperatures for January were 1.83˚C and 2.55˚C respectively. The change in maximum and minimum temperatures for July was found to be 1.58˚C and 1.86˚C respectively. Therefore, the temperature in January has increased more than the temperature in July. Furthermore, the minimum temperature has increased more than the maximum temperature. These results greatly reduce the variability of temperature change predicted by different simulation programs, as reported by IPCC [8] . They will greatly help us to understand the dynamics of the climate. It would also greatly help in setting up simulation programs for climate change. The results here clearly point out that though the temperature has increased in most locations, globally, it also went down in almost 22% of the stations. Most of these observations qualitatively agree with simulation results reported earlier.
Change in total annual precipitation indicates that all the changes in the precipitation have taken place in the lower end of the histogram. More precipitation was recorded at stations with lower precipitation. No change has been observed in stations with very high precipitation. Although many of the observations of the change in precipitation agree with simulation, some observations are contrary to simulation. To obtain an estimate of change in precipitation, it is also felt that there should be a better agreement within the research community as to how the changes are to be evaluated.
